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Neutron Detector R&D in Instrumentation

1970’s: 20x20cm2 detectors with global resistive charge division.  Beginning of 
long-term collaboration with Benno Schoenborn and his Structural 
Biology group.

1980’s: 20x20cm2 detectors with multi-node, continuous interpolating resistive 
charge division, and analog centroid finding system.

50x50cm2 detector for SANS.

1990’s: Very high resolution detectors (5x5cm2) with 400µm FWHM position 
resolution.

Suites of three 20x20cm2 detectors for larger angular coverage

2000’s: 150x20cm2, 120 curved neutron detector, with digital centroid finding 
electronics.

1D and 2D position sensitive ionization chambers for new instruments at 
new user sources such as the Spallation Neutron source.



First Instrumentation Neutron Area Detector was Part of the Discoveries 
Leading to the Invention of Multilayer Monochromators

Brookhaven Symposia in Biology No 27 (1975)
Neutron Scattering for the Analysis of Biological Structures

• J.L. Alberi: Development of Large Area Position Sensitive
Neutron Detectors; VIII-24

• D.L.D. Caspar and Walter C. Phillips:  Dynamical Effects in
Small-Angle Neutron Diffraction From Membranes; VII-107
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Two classic publications representing developments that spurred productive 
structural biology experiments at the HFBR

Nuclear Instruments and Methods 178 (1980) 543-554 Nuclear Instruments and Methods 200 (1982) 533-545



Thermal Neutron Detection in 3He and Position Resolution Limit

FWHM ~ 0.8 proton range 

(~4.2mm in 1 atm. propane)

n + 3He  p + 3H + 764 keV
↓

~25000 electron-ion pairs



J.L. Alberi and V. Radeka, IEEE Trans. Nucl. Sci 23 (1976) 251-258

G.W. Fraser, E. Mathieson and K.D. Evans, Nucl. Instrum. & Meth. 180 (1981) 269-279

Position Encoding with Interpolating Cathode Strips



V. Radeka and R.A. Boie, Nucl. Instrum. & Meth. 178 (1980) 543-554

Analog Centroid Finding System



Large Area 50cm×50cm Detector for Small-Angle Neutron Scattering

• Developed for Small-Angle 
Neutron Scattering (SANS)

• 4 atm. 3He + 1.8 atm Propane

• 2mm FWHM position resolution

• Absolute position stability 50µm Beam Line H9B
at the HFBR

Outer window dome, 
Inner window, and
Multi-wire electrodes



Large Area 50cm×50cm Detector had Unprecedented Positional Accuracy

Response of the 50cm by 50cm detector to a raster scan of 36 primary neutron beams, 
indicating the excellent position stability of the detector design and the centroid finding filter 
encoding system.  This detector absolute positional accuracy was better than 50 microns, 
unprecedented at the time, and enabling data-taking over extended periods of time (several 
days), with no electronic drift.



The Exquisite Counting Stability of the 50x50cm2 Detector Made it Possible 
to Study Conformational Changes in Muscle Myosin

Architecture 
of Muscle

Decorated F-Actin

Two S1 on F-actin
samples arrested 
at different states 
of the enzymatic 
cycle of the power 
stroke

Difference 
intensity is 
amenable to 
interpretation by 
model building

PMG Curmi, D. B. Stone, DK Schneider, 
JA Spudich, and RA Mendelson. 
Comparison of the Structure of Myosin 
Subfragment 1 Bound to Actin and Free 
in Solution. J. Mol. Biol. 203, 781-798 (1988).



The 50cm Detector was a Workhorse in the Early Days of Ribosome Structure 
Determination by the Yale Groups of Don Engelman and Peter Moore

Yale Triangulation Method

Complete 21 protein map of 30S ribosomal subunit 

MS Capel, DM Engelman, BR Freeborn, M. Kjeldgaard, 
JA Langer, V Ramakrishnan, DG Schindler, DK Schneider,  
BP Schoenborn, IY Sillers, S Yabuki, and PB Moore
A Complete mapping of the Proteins in the Small 
Ribosomal Subunit of  Escherichia coli
Science (1987) 238, 1403-1408
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High Precision 20cm×20cm Detectors for Neutron Protein Crystallography

• Developed for SANS and 
LANS, particularly protein 
crystallography

• 6 atm. 3He + 2.5 atm. Propane

• Position resolution ~ 1.3mm 
FWHM

• 3 detectors along an arc for 
greater angular coverage 
(with gaps)

Array of three 
2020 cm2

detectors at H3 
of HFBR

Front view of 
array of three 

2020 cm2

detectors



Neutron Protein Crystallography,
the Ultimate Test of Detector Stability Over Months

Xiadong Cheng and B. Schoenborn
Hydration in Protein Crystals.
A Neutron Diffraction Analysis of 
Carbonmonoxymyoglobin
Acta Crystallographica (1990) B46, 195-208

Model of CO myoglobin showing 87 surface water molecules and 5 ions.

Max Perutz, Benno Schoenborn, and DKS in 1986



HFBR Experimental Floor in 1996
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ANSTO, Australia

Installation: January 2007

Detector is a major component of the HIPD, or 
High Intensity Powder Diffractometer  

120º Position-Sensitive 3He Neutron Detectors

LANSCE, LANL

Installation: Jan 2002

Detector is major component in the Protein 
Crystallography Spectrometer



Detector for protein crystallography at 
Los Alamos Neutron Science Center 
(LANSCE)

• 120 horizontal and 15 vertical 
coverage @ 70cm radius of curvature 

• Position resolution < 1.5mm FWHM

• Counting rate > 106 /s

• Digital centroid finding modules



Weighting field of a small circular pixel:

Future Directions:  2D Pixel Readout in Ionization Mode

• Ultra high count rate capability:
~105 /s per pixel, 

>108 /s per detector

• No gas amplification: 

– No aging effect

– Stability and reliability

• Flexible geometry: 

– Pixel dimension: ~ 1 – 5mm

– Parallax reduction

– Large area, complex 
geometry possible

• Reliant on development 
of low noise ASICs
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